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Il^ TRDDUCTIQN 
Tht ar«a urrfer study l i e s between 24° 19 H and 
24°23.5'^ lat i tudes and 7 9 ° 1 0 ' E and 79°13*E longitude! 
(Prspartd by Geological Survey of India, One inch t o a 
p 
mile in map No,545). The v i l lage Tighora i s approximately 
situated at th© north-western side of v i l lage Hirapur. 
Cn the Sagar-Tikas^arh motor road* 
The v i l lage and the area have been important not 
only now but also in the his tor ic times and th i s importance 
can eas i ly be attributed to the nature of the topography. 
I t i s reported that i t was near here that General fijge Rose 
had stopped Tatya Tope, the famous Indian General, during 
the war of Independance in 1837, w e^n the la ter was cm way 
to help the Rani of Jhansi. One fort now in a dilapidated 
condition stands upto t h i s date reminding the glory that once 
i t was* 
The vi l lage and the area attracted the attention 
of persons due to other reason also* Bodies of iron ore 
whose descriptions follows elsewhere in th i s t h e s i s , attracted 
anbitious persons and i t i s reported that they spent 
f ru i t l e s s l y in search of iron ore deposits* The bodies of 
iron ores are not extensive and occur as pockets and in 
bulbous forms* These were given on short time lease t o the 
contractors by the Revenue Department. This deposits are 
worked out in the nature of surface workings* The native 
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f5m#lt«r8 apparently had in th« old days a good business 
in supplying th« local needst ^ t i r the iaw of ca p e t i t i o n 
with be t t e r and cheaper metal '"ror outs ide th© v i l l age 
furnaces could not be v.orked prof i tably and now the loca l 
smelting industry does not e x i s t at a l l . 
In 1899 there wer€» 46 furnaces in Tighora, ' i r .jpur 
and Barai tha. The number then descreased to 15 b©tv«?0n 
1900 and 1903 (C5MRAL PROVErCSS DISTRICT GAZETTSH, S/tJG/« 
DISTRICT, 1906, pp. 171-172), The iron o r e • depos i t s rear 
Hirapur and Tighora ware shown to t\\» author by o i l v i l l a g e r s 
wdth enthuslaam and with a sense of pride* 
CLIMATE m^ RAINFALL; 
The clirrate of in and around of v i l l age Tighora i s 
not very extr«ne as roay be expected from I t s geographical 
s i tua t ic^« The winter t e m p e r s ^ r e goes down as low as 46*^ 
and the surrwser temperature r i s e upto HO°F. Th© annucil r a i n -
f a l l i s 55* t o 56 - . 
SCEt ERYi 
As far as na tura l scenery goes, the area provi ©s 
a pleasent spot. I t i s a h i l l y region with th© h i l l s clothed 
with thick vegeta t ion . The weathering, of the rocke of 
Bundelkhand complex in the western, nor thern, eas tern and 
. ' 3 « 
southern pa r t s has given r i s e t o rugged dome shaped 
ba i lde r s which often const i tu te the h i l l s a l s o . The so i l 
in t h i s regions i s brownish i t h big g ra ins of quar tz 
dispersed through out . Eastern par t of t h e v i l l age i s low-
lying in comparision t o the westemrnost p a r t . The ens tern 
par t i s having mostly limestone rock which af ter vueathoring 
have given r i s e to Elephant Skin or Karst StructureG ond 
l i g h t coloured pale s o i l . 
Recent finds of wor ld ' s r i ches t uraniferrcHis 
phosphorite in t h i s area by Atomic linergy CommiGsion 
(Hindustan Times, O c t . , 8 , 1976) which could be compared with 
the worlds topmost uraniferrous-phosphori te l i k e I I g e r i a , 
South Africa dnd U.S.A. e t c . , has aroused much i n t e r e s t . I t 
wi l l improve the economical conditions and l o t s of l o c a l 
i nhab i t an t s in fu ture . 
PREVIOUS WQRK8 
A geological account of Bundelkhand was f i r s t 
wr i t ten by H.B. Medlicott in 1859. Between the years J8 60 
and 1869 f a i r l y extensive surveys vmre made in the var ious 
porticms of Madhya Pradesh. In 18TO, C.A. Hacket published 
a de ta i led account of Geology of Gwalior and i t s v i c i n i t y . 
The team Bundelkhand Gneiss was f i r s t introduced ay a l l e t 
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in 1872. Later W.L. Wilson prepared a deta i led geologi-
cal map of the whole of Bundelkhand on one inch t o a inile 
sca le , but he l e f t no repor t of h i s work. 
Subsequently no work was done in the area for a 
very long t ime. During l a s t 32 years several o f f ice rs of 
Geological Survey of India have worked at d i f ferent t imes and 
places in t h i s region. Their r e s u l t s being incorporated in 
t h e i r respect ive published and unpublished r e p o r t s . These 
includes the work done by P.K. C h a t t e r j i i (1941-42), 
D.R.S. Wehta (1944-45), S. Krishnaswamy (1945-46, U,K, Roy 
Chowdhary (1947-48) and J . P . Srivastava (1951-52). Ae The 
work of these Officers was mainly connected with mineral 
i nves t iga t ions . Misra e t al (1952), Chiplankar (1952) and 
h i s s tudents at Saugar Univers i ty Sagar (M.P.) and by 
V.N, Chibbe (1952) at Benaras Hindu Univers i ty , Varanasi ,(U.P.) 
have also worked on the petrology of g r a n i t e s in t h i s a rea . 
H.B. Medlicott (1859) was the pioneer worker in t h i s 
a rea . I t was he who named fbr the rocks now known as Bijawar 
Se r i e s , a f te r the s t a t e of Bijawar in Bundelkhand, which forms 
the type area. This s e r i e s of rocks are found in a s e r i e s 
of outcrops more or l e s s continuously extending from Bundelkhand 
t o the south of Marmada r ive r and Hirapur v i l l a g e . 
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The name of the v i l l age of Hirapur often occurs 
in the accounts of Bijawar rocks and Lower Vindhyan rocks -
There seems to be some controversy regarding the limestone 
found here . H.B. Medlicott (1860) had previously placed i t 
in Semri Series of Lower Vindhyan by v i r tue of t he i r rr:oderate 
bedding, massive hor izontal na tu re , pink colour e t c . But 
de ta i l ed examination l a t e r shown them to be re ferab le t o the 
Bijawar Ser ies . Thus, F.R. Mallet (1872) wr i tes - "Patches 
of limestone nor th-eas t of Hirapur conjectured t o belong 
to Lower Vindhyans and mapped as such have been found or more 
de ta i l ed examination t o be re ferab le to the Bijawar Series**. 
In h is account of Bijawar Rocks, H.B. Medlicott 
(1859) has refered to two kinds of dykes in the Fiijawars. 
One of them has been cal led by him as Hornblend-* dyke and the 
other as Dior i t i c or Greenstone dyke. Both of them are p r e -
Bijawar in age. 
One short reference i s a lso met with in l i t e r a t u r e 
about the s t ra ight boundaries of outcrops in the west of 
Hirapur giving fa lse appearence of f au l t by t h e abrupt change 
of rock by H.B. Medlicott (1859). 
Iron ores occurring in t h i s area have also been 
discussed together with s imilar depos i t s occurring in other 
p a r t s of Bijawar Ser ies by H.B. Medlicott (1862). The ore has 
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been described as of more or l e s s constant na tu re . I t 
i s massive specular i ron or red hematite in lumps of 
varying s i zes . I t has been reported t o be in the nature of 
loca l accumulations showing no bedding. 
References have a lso given about Hornblende-Breccia 
where i t has been d escribed as a massive breccia vdth 
angular fragments of q u a r t z i t e with matrix of Horn stone or 
Jasper . The origin of t h i s breccia has been explained of 
shat ter ing in s i tu of q u a r t z i t i c rocks and deposi t ion of s i l i c a 
in cracks from solut ion in water. 
I t i s l ea rn t t h a t Mr. Narsimhabhari an Officer of 
t he Geological and Mining Department of Madhya Pradesh and 
Berar, has recent ly worked in t h i s area mainly t o look i n t o 
the economic minerals occurring here . 
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£ H A P T E R - XI_ 
GEOLOGY OF THE AREA 
Th« area under study cons i s t s of rocks of varying 
ages , s t a r t i n g from the Bundelkhand gneisscit> complex at 
t he base t o Bijawars and Vindhyan M>diments a t the t c ^ , 
Table-I reprdsentsj standard geological succession given by 
K.C. Dubey (1952). 
System Ser ies General Succession Torniation 
Vindhyan 
Archean 
Upper Vindhyan Upper Rewa S.St» 
J h i r i Shales 
L.Rewa S.St . 
Panna Shales 
—— Unconformity «•—. 
Cuddapah Bijawar 
Bundelkhand 
Complex 
Conglomerate & 
S.St . 
.Unconformity. 
Ferruginous S.St , 
vdth pockets of 
Hematite. 
Horn stone breccia 
Iron cgre8( pel 1 e ty 
Si l iceous L.St.& 
Horn stone breccia 
Quartzi te and S.St 
Unronfonnl t y 
Basic dykes 
Quartz Veins 
Schi s t s 
Gneisses 
Grani tes 
Shale 
L .S t . 
. 
Dykos 
Quartz Veins 
Pegmati tes 
Schi st 8 
Gneisses 
Gran i tes 
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The author during th© course of h i s f ie ld studyi 
noticed certain discrepancies in the succession given above 
as regards to the systematic posi t ion of the varicws rock 
u n i t s and the i r r e l a t i o n to one another and proposed s l i g h t 
changes in the s t r a t ig raph i c sequence of the various l i t h o -
log i c uni t s* Table-II gives a modified successiont of the 
var ious l i t ho log i c u n i t s present in the a r ea : -
Upper Vindhyans - Rewa Ser ies - Conglomerates ^ 
Sand stone s 
JJnconformity-
Cuddapah - Bijawar Ser ies -
^y»^«^ Shale 
Hornstone-Breccia 
I ron-ores 
Lime st one 
JJn con formi ty -
Bas ic Dykes 
Pegmatites 
Quart2-vc»ir s 
Archeans - Bundelkhand 
Complex Schis ts 
Gneissose g ran i te 
Granite Gneiss 
Gran i te 
F i r s t l y due t o the va r i a t i ons occurringtfrom piece t o 
place with l i t t l e d e f i n i t e d i s t r ibu t ion and secondly due t o 
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d i f f i c u l t i e s of separating a gneiss from a grani te in 
the country rock, these ancient rock formations have been 
grouped together as the Bundelkhand Complex. These rocks 
fonn t h e basement over which the l a t e r Bijawar sediments 
were deposited* The rocks of Bundelkhand complex are found 
in the western and eas tern par t of the area under study, 
Thes« Archean Complex includes C5neisses, Gran i tes , Sch i s t s 
and other In s t ru s ives . The so called gneisses are merely a 
massive g ran i tes with rare and obscure bending and f o l i a t i o n s . 
The term Gneiss i s t h u s , a misnomers applied t o these rocks* 
I t would be be t t e r and more convinient t o ca l l these rocks 
as Grani toid-gneiss or Gneissose-grani te , according t o the 
dominant appearence in each case. 
These rocks on weathering give an extreme rugged 
appearence to ftte landscape, due to spheroidal weathering or 
by exfoliation.whereby big rounded boj lders a re developed. 
I t i s observed tha t the gne i s s ic rocks occur in t he western 
par t but jus t abutting against the Bijawar rocks are the 
s c h i s t s . The sch i s t s are mostly c h l o r i t i c with occassional 
gwartzose bands w^ich form t h e par t of Bundelkhand gne i s s i c 
complex. 
Gl^njl^tt 
At the very o j t s e t i t may be mentioned t h a t the term 
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"Bundelkhand-Gnelss* as applied to th© typical rock of 
t h i s region i s a misnoiner, the bulk of i t being massive 
granites . 
These rocks show a great het*rogeniety both in 
texture and mineral composition from place to place* 
Texturally they vary from extremely fine gained t o qui te-
coarse grained with occassional porphyritic texture. In 
mineral cwnposition the range i s also fa i r ly wide* there being 
types with a purely f el s ic composition and the other 
abundantly rich in ferromagnesian constituents* A further 
variation i s provided by the difference in the colour 6f the 
dominant felspars % i^ch may be either gray or pink* 
The granite can, thus, be c lass i f i ed on the basis 
of their texture* nature of the dominant felspars present 
and the presence or absence of ferremagnesian minerals* 
The scheme adopted in the present study i s given as 
fo l lows:-
1. With dominant pink felspar and other ferromagnesirn 
minerals* 
2. With dominant pink felspars and with l i t t l e or no ferro-
magnesian minerals* 
3 . With dominant grey felspars and other ferromagnesian 
minerals* 
- 1 1 . 
4 , With dominant qr»Y felspars and l i t t l e or no ferro-
fnagnesian minerals* 
Medium Grianed Granites: 
5, With dcwiinant pink felspars and other ferromagnesien 
(Tiineralft* 
6, With dominant pink felspars and l i t t l e or no ferrcsnagnesian 
minerals, 
7, With dominant grey felspars and ferrwnagnesian ?t?ir®ral8. 
8 , With dominant grey felspars and l i t t l e or no ferromagnesian 
minerals* 
$ . With dominant pink felspars* 
lO.With dominant grey fe lspars . 
This c lass i f icat ion i s mainly dependent on the general 
appeawtnce as presented by grain siz« &nd variation in their 
mineral constituents. I t i s natural that a personal factor 
would play a considerable amount In deciphering -hether a 
rock i s to be put in one category or the other, \ifith reqpect 
t o the ferromagnesian minerals, hov«ever, i t was found d i f f i c u l t 
at times to decipher vi^ether t h i s amount was high enough t o 
just i fy the inclusion of the rock in the 'with ferror.aqnesian 
group* or that i t was low enough to permit i t s being graded in 
th« type 'vvith l i t t l e or no ferromagnesians*, In such casvs 
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i t was frequently noticed tha t moistening the fresh surfaces , 
revealed a b e t t e r p ic tu re of t h e ferromagnesian contelit and 
help fnuch in deciphering the c lass more co r r ec t l y . In genenal 
the ce i l ing l imi t of ferromagnesian minerals for g r a n i t e s 
coming urder'more or l e s s free of ferromagnesians' groups was 
taken t o be 5-75^, 
u pglsagji 
The d i s t r ibu t ion of gneisses in t he area does not 
show any regu la r i ty or p a t t e r n . Thoir outcrops vary in 
dimenlion from sf^all patches of l e s s than a foot in length 
t o l a rge r masses forming f a i r l y big h i l l o c k s . They am often 
found associated with coarse-graliAted p ink-grani tes r i ch in 
ferromagnesian minera ls . Generally they are medium t o coarse 
graiined with varying proport ions of pink and grey f ^ s p a r s 
and c l o t s of ferromagnesian cons t i tuen t s showing p a r a l l e l 
o r ien ta t ion with high d i p s . Occassionally when the fo i l , t ion 
becomes r a the r i l l defined the rock passes in to a gran i to id 
gneiss or gneissose g r a n i t e . Small l e n t i c u l a r - inc lus ions of 
amphibole - r ich rocks are often met within tiie gneisseSt 
t h e i r long axes being oriented along thi d i rec t ion of f o l i a t i o n 
of the l a t e r . 
Banded and streaky v a r i e t i e s have also been observed 
but are subordinate in occurrence. At present they have well 
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developed mafic fo l ia composed meinly of varying propor-
t ions of b i o t i t e and hornblend. The leucocra t i c bands 
are predominently of quartz and fe l spars and are at places 
even pegmatitic in t e x t u r e . Occassionally the banded 
gneiss exh ib i t s small scale folding, the axes of t h e folds 
invar iably follow the fo l i a t ion d i rec t ion of the gne i s ses . 
The fo l ia t ion in the gneiss va r i e s frcm NE-SW t o 
East-South-East to West-North-West vdth invar iably high 
d ips , t h a t may be towards e i the r s ide , I n t h » scwthern par t 
of the massif, the prevai l ing fo l i a t ion d i rec t ion i s along 
NE-SW whereas in t h e northern p a r t , i t va r i e s from EME-WSW 
to ESE-WKW, the l a t e r being more prevailent ' . At a nuir.ber of 
places folded s t ruc tu res a r e d i s c e r n i b l e , the axes of the 
folds general ly trending along ESE - WNW and occassionally 
plunging at an angle of abojt 25** towards West-Kpxth-W%st. 
f 
There are two types of s ch i s t s found in t h i s a rea . 
The most dominant type being the qua r t zose - t ch i s t s , with 
a minor be l t of qua r t z - ch lo r i t e s c h i s t . The sch i s t s present 
a d i f fe ren t problem as regards •€ t h e i r mode of o r i g i n s , 
more so when the study i s l imited to such* small area as i s 
the case in the present study. The f ie ld study revea ls a 
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high dip of about 85° . Th« association of th^se sch i s t s 
with dykes and pegmatites, complete absence of fe lspars 
rft any other accessory mineral i s an indication of the ir 
being paraschist, formed by met am or phi sm of Dharwari^ 
sediments. 
Similar schis ts occur elsevi^ere also In Burdelkhand 
complex. The schistsof the ares under investigation are 
therefore, regarded a s probably the same group as A'ahroni 
(Marwara) schists (Passoe, 1950, pp, 284), These ."'ahroni 
schis ts are regarded as being of xenolithic in nature and i f 
t h i s i s tBue than the sch i s t s are equivalent t o Pre-Aravalll 
Gneissic Complex of Marvara (Pascoe, 1950), The exact posit ion 
of these schists poses a problem that could be solved only 
by extensive field survey and laboratory work, 
Quflgtg Vein! ffltf Quartt Raffff: 
These rock types form quite a striking feature in 
the landscape with their milky v^ite quartx and thus, 
diversify the Archean terrain. They run in straight l i n e s 
in NE.SW direction. Some quartz veins vnsre seen in th9 lime-
stone country also at 102 km on Tighora-Chhatarpur road 
but they are evidently older than limestone as no contact 
between theft and the limestone was noticed, MalletjCl8'72,p,285 
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concluded tha t the r ee f s were forrned before the incons i -
derable met ani or phi an of the grani te was accomplished. 
The numerous quartz veins which t r averse the aroa 
also suggests that Itsese together with t h e pegmatites are also 
of l a t e acid c r y s t a l l i s a t i o n phase of the g r a n i t e s . 
The quar tz - ree fs a r e the conspicuajs features of 
the Bundelkhand g r a n i t i c t e r r a i n v^sich are marked by the 
presence of a number of p a r a l l e l r ee f s tha t forrrs pra^lnont 
narrow ridges* They run discontinuously for long d i s t ances . 
By for a vast majority of them per sue a more or letss consnon 
d i r ec t ion tha t v a r i e s from INE-SSW t o NE-SW. Occassionally 
the reefs l oca l ly show s l i gh t curves or shapp swings in t h e i r 
s t r i k e s . Sometimes they give out small offshoots snd in a 
few ins tances several r e e f s coalesce in to one. Fault ing with 
small displacement i s not unusual*'. 
These reefs are highly j o in t ed , th ree s e t s of 
prominent joint planes being d i s c e r n i b l e . The most dominent 
plane usual ly t rends along the s t r ike of the r ee f s and i s 
invar iab ly dipping at high angles which may be towards e i t h e r 
NW or SE. The seccmd s e t s of j o i n t s run in a NW-SE direct icm 
being almost at r i g h t angles to the former. The j b i n t p l a i e s 
of t h e th i rd set usual ly bear a small angle t o the hor izonta l 
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planes , the value of which has been found t o vary 
considerably. In some reefs the j o i n t s of th in se t s are 
so vwell developed and closely spaced t h a t they import a 
bedded appear^.re to the rocks . In some reefs deep reddish 
brown ferruginous s ta ining i s developed along the v e r t i c a l 
j o in t p lanes . Smears of c h l o r i t i c matter are also dsserved 
though only r a r e l y . At p laces , imperfect dendr i t e s are a l so 
seen. 
Occassionally the pink g ran i t e s s t re tching t o about 
a mile on e i ther side of the r e e f s show a fol ia ted s t r u c t u r e , 
t h e d i rec t ion of fo l i a t i on being pa r a l l e l to t h a t of t h e s t r i k r 
of the r e e f s . The g ran i te occurring between the t\vo coalescing 
r ee f s are highly fractured and occassionally in these regions 
a schistose s t ructure i s impressed on them. The d i r ec t i on 
of sch i s tos i ty being the same a s tha t of the s t r i k e of one of 
the r e e f s . f^diXXitKi /on/ pntyeyV sgjc/str4J^e/Qf/one/ of A3^9^ ytJJTsT^ 
Fault ing on small scale i s frequently noticed in thee* 
schistose rocks* 
A close examination of the r e e f s reveal t h a t these 
are ccMnposite in na tu re , the most abundant cons t i tuen t s being 
a f ine-grained compact cherty mater ia l of pinkish t o greenish 
grey colour with associated milky q u a r t i . The l a t e r ocoj rs 
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in th« form of veins that are usually not so well 
defined* These veins 9re vein l ike masses possibly 
represent a later phase of s i l l c i f i c a t i o n . In planes 
the milky quartz becane more pronlnent subordinating the 
cherty material. Occasslonally angular patches of the 
l a t er are seen embjtded in the milky quartx, thereby 
imparting a breedated appearence* 
The quartz veins that rawify the cherty rocks are 
generally quite th in . Their grains are anhedral and the 
texture i s fsom medium to coarse* Sometimes the well 
formed crystals of milky quartz asf seen growing from the 
margin of the ve ins , wriiich may occasslonally assume the 
form of Qeodes. At a few places platy quartz i s also noticed, 
T ^ BIJAWm SEfaeSt 
The s i l iceous limestones vi^ich succeed the 
Bundelkhand complex of gneissose and schistose rocks 
were f i r s t considered by Medlicott (1862) as the basal 
part of Semri Series . As a result of more extensive 
work afterwards Mallet (1079) came t o the conclusion 
that these limestcxies represent the Bijavar Series* 
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The Bijawars s t a r t s vAth quar t z i t e at the base, 
followed by limestone t h a t are s i l i ceous in na ture . Another 
member of the Bijawar Ser ies which i s often developed i s 
the Hornstone Breccia. I t i s also a commonly observed fact 
t h a t at places the quart i t e has been replaced as a basal 
member of s i l iceous l imestones. The si l icecws nature i s 
explained as being the ef fec t of shatering together of 
a l t e rna t ing s t r a t a of limestone and qua r t z i t e giving an 
inter-mixed mass of s i l i ceous l imestone. 
All th^ee evidences are in favour of s i l i ceous 
limestone succeeding in to si l icetxjs and ferruginous shale 
theyposses upwards rapidly through the iron ore i n to the 
Horn stone-breccia to cons t i tu te the Bijawar Ser ies in t h i s 
a rea . The Bijawar rocks in t h i s area thus» include, 
Hornstone breccia 
Iron ores 
Ferruginous and s i l i ceous shales 
Sil iceous l imestones, shale^and q u a r t z i t e s 
Limestone occur unconfirmably over the gneisses 
and s c h i s t s . They s t r ike nor th-eas t with a maximum dip of 
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16°, S 40°E, They foiw the val ley f loors because of 
their relative want of resistance to weathering acfents. 
No conglomerate i s seen a t the contact of the limestone 
and underlying sch i s t s . They are pal© white in colour, 
fine grained and show v^at i s knovnin as "karst* type of 
weathering. All se t s of fantastic small dome-like masses 
have been l e f t due to t h i s type of weathering. Dark 
greyish var ie t ies of limestone i s also abundant* 
Within the limestone terrain dykes aoid quartz 
ree f s are to be seen. I t i s to be noted that the contact 
between dyk? and limestone on the one hand end pegmatltiC 
veins on the other ate simple, the dip of limestone cm 
either side being the same* A careful study made at th« 
contacts of these with the limestone h a ^ not revealed any 
type of contact e f fec t s in the limestone* The quartz veins 
are observed in the north-western s ide, half way on the motors 
car road between v i l lage Tighors and 102 km on Chhatarpur 
road. Saccharoidal pink variety of limestone mentioned by 
Medlicott (1862) could not be seen* 
These limestones are s i l iceous and are generally 
f ine grained, thick and compact. The limestone imperceptibly 
grade into the overlying shale through calcareous shale , as 
the intermediates* 
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Th« shales ove r l i e s the limestone-conformably, 
Thsy are mostly ferruginous and a t sorr.e places ©spscially 
in the basal pa r t s t calcareous shales are a l so cbseived 
near Semarkhera v i l l a g e . Si l iceous shales are a lso seen 
but ro t so abundant. Shales are overlain by sandstone 
a t Kachhar i ide on the one hand and i ron ore on the o the r . 
I^on ore appears as a pocket over t h e shales which In turn i s 
jver la in by quartz b recc ia . Near the iron ore depos i t s , 
the shales have became very highly ferruginous and have taken 
ci red colour . They weather into bu i scu l t l i k e p i e c e s . 
Their d ips and s t r i k e s conforts with t h a t of underlying 
l imestone. 
lygp Qffta: 
The bodies of i ron ores are found as pocket 
f i l l i n g s or l e n w s overlying the ^ a l e s * Most of the i ron 
ores tha t are found in the area are in t h e form of p e l l e t s 
or concretionary type with small rounded and oval p e l l e t s 
cemented together in a ferruginous mat r ix . Besides t h i s , 
massive compact va r i e ty of ore i s also found at a few p l a c e s . 
The iron ore deposts do not g i w any sign of dip or otlier 
sedimentary fea tu res . Some of the p e l l e t s of the iron ore 
are oval , not exceeding the size of en egg, but are usua l ly 
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a l i t t l e bigqer than peas. Within the p e l l e t s , 
concretions of Hematite are to be noticed. In the 
early days these pockets of iron ore were used by 
people for iron smelting. 
Iron leached from t h i s horizon appears to have 
coloured the underlyling shales and even percolating 
into theoj *) making at least the ccmtact portions highly 
ferruginojs, on the road side of Tikamgarh and Tighora -
Chhatarpur road. 
As has already been stated, the quartz-breccia 
overl ies the pel lety iron-ore and t h i s appears to be the 
same as that mentioned by Medlicott (1859,60,62 )• The 
breccia consists of mostly angular fragments of quarts 
varying in s ize , sporadically rounded fragments are a lso 
noticed. These individual fra^«nts are held together by 
means of a jasperoid cement. No felspars or any other 
rock forming minerals except quartz i s t o be observed• 
Megascopic examination reveals the quartz fragments 
are of two types, igneous and secc»ndary quartzit ic type. 
The secondary quartzit ic type consist* of rounded, fine-grained 
quartz part ic les , cemented by s i l i c a . The angularity of the 
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fragments shows tha t t h i s material was brought dov^ ?n 
iur ing a period of erosion and also t h a t the mater ia l 
has not t r ave l l ed far from t h e source rock. 
The presence of breccia or breccia capped h i l l s , 
could be formed e i t h e r of the two ways - One way i s the 
movement between two formations (a) due t o tec tonic 
cause or (b) due t o slipping of one formation over another 
l e s s competent formation as a deposi t ional fea tu re . The 
former cause, i . e . the t e c ton i c movement i s unreasonable 
to explain the presenceof breccia for the simple reason 
tha t the exis t ing formations are in no way disturbed and nb 
folding even of the simplest nature i s observed, nor a 
fau l t ing effect seen anywhere. The other cause for t h e 
movement may be s l i p p i n ^ f one formation over another. But 
t h i s does not hold good too . For i f the re were t o be such s l i p s 
of ferruginous sandstone over shale , t hen , we should have 
got sandstone h i l l ocks in the d ip d i r ec t ion of shales under 
low l e v e l s . Non of these feature i s danerved and, t he r e fo re , 
the origin of breccia described in as shat ter ing a t s i t e and 
deposi t ion of s i l i c a in cracks from solution in water seems 
t o be possible (Mallet , 1872). 
Another explanation for the origin of t h i s breccia 
may be tha t the Horn stone-breccia represent second stage 
of leaching of iron from the sandstone^ which i s supposed 
- 2 3 -
t o have been overlying the shales . Alongwith, the 
i ron oxide the sandstone was also eroded and the t r anspor t 
being l i t t l e , gave r i s e to angular pebbles which were 
cemented together by the i ron-oxides . 
And, thus , the iron ore pockets and the Hornstone 
breccia mark a de f in i t e break in the sequence of depos i -
t i o n , 
UPPER VIM3HYANS; 
The next formation that l is seen succeeding these 
Bijawar s t ra ta in the sandstone t h a t l i « s in the southern 
port ion of the area are under present i nves t iga t ion . The 
general na ture , t h e i r cons t i tuen ts and also t h e nature of 
the conglomerate coming over i t i nd i ca t e s t h a t are the 
nothing but the Rewa sandstone, 
A s i l iceous sandstone over l ies the quar tz-brecc ia 
with a s l igh t unconformity. I t outcrops on the southernmost 
par t of the area ajM^exposed on Danoh road nearer t o t h e 
boundary between the old Panna State with t h a t of Madhya 
Pradesh, 
I t s t r ikes N 20°E and dips 10° in the d i r ec t ion E 20°S. 
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The outcrops extendf t o south-eastern s ide . The sandstone 
at p laces has preserved ripple-marks which on close 
examination are found t o be assymmetrical t ype . 
« 
Overlying the sandstone a very thin outcrop of 
conglomerate}^ i s seen on t h e non-metalled road which comes 
from Tighjf^ora v i l l age t h a t j o ins i n to the Saugar-Chhatarpur 
road. The conglomerates are found in the course of a stream 
and are general ly weathered in na tu re . Cementing mater ia l 
general ly has been removed* Quar tz i t es and quartz are 
the only cons t i tuen ts which go t o make these pebbles, 
Quar tz i tes are the small masses of pinkish and 
greyish white in colour tha t are found included in t h e 
g r a n i t e s at a number of p l aces . The q u a r t z i t e s are genera l ly 
of a massive nature or well bedded. Usually they occur in 
the form of bands, the width of which v a r i e s from a few 
inches t o a s much as 10 feet and in length from a foot t o 
about 20 f ee t . 
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CHAPTER - I I I 
LABORATORY TECHMIOJES 
In th« chemical ana lys i s the method for 
preparing the solut ion of rocks and minerals as cwt-
l lned by Leonard Shapiro and lAl.W* Frannock has been 
adopted* The rock samples were powilered t o 300-400 m@sh 
and two types of so lu t ions A & B ««ere prepared for the 
ana lys i s of major elements* 
PROCEDURE FOR PREPARATION OF SOLUTION *A't 
Solution * A* i s used in the determination of 
s i l i c a and alumina. In the present .major i ty of the samples 
are r ich in carbonate and phosphate content for which a 
200 mq portion of the sample powder i s used. The folla%lng 
procedure i s adoptedt 
1, Transfer 5 ml. port ion of 30 percent NaOH in J^ckel 
c ru i c ib l e , 
2, Evaporate the solut ion t o dryness. 
3 , Accurately weigh 200 mg rock powder and t r a n s f e r the 
powder to a crut&:>le contaning the NaOH. 
4 , Cover and heat the crucible t o dul l redness for about 
5 minutes. Allow the melt to cool . 
5 , Add about SO ml of water to each c ruc ib l ^ cover and 
allow i t to stand over night or u n t i l the melt d i s i n t e -
g r a t e s completely. 
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6 . Transfer the contents of each concible to a one l i t e r 
volumetric flask (previously rinsed with t : 1 HCl) 
containing about 4CX3 ml of vjater and 20 ml of 1 : 1 HCl. 
7 , Dilute each solution to the mark and mix well and t r ans f e r 
i n to p l a s t i c b o t t l e s , 
PREPARATIOM OF SOLUTION «B'; 
Solution 'B ' i s used in the determination of t o t a l 
i r o n , MgO, CaO, TiOjf PjO^.MnO^t ^^J^ and K«0, efc 
The sanples are digested on steam bath over night with 
a mixture of HF, H-SO^ and HKO ,^ 
1, Transfer 0.500 gm of each sample to a platinum crucible-, 
2 , Add 15 ml of solut ion 'B ' acid mixture which i s prepared 
by mixing 1 pound of Hydrofluoric Acid (48^); 165 ml of 
concentrated H^SO^ and 40 ml of concentrated HHOo. 
3 , Cover the crucible and place on the steem bath and allow t o 
heat over night» 
4 , Remove the cover and continue to heat the crucible on stean 
bath for about one hour. 
5, Completely t r ans fe r the contents of the crucible t o 400 ml 
beakers using a minimum of water* 
6, Place the beaker on a hot p la te and heat u n t i l fumes of 
SO3 s t a r t t o evolve, then remove them. 
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7, wh»n SO3 fum«s have stopped coming off, add about 
4 drops of perch lor ic and n i t r i c acid mixture (100 ml 
HCIO^, 72%) and 100 ml of WO3K Allow «a<<h baaker t o 
heat un t i l strong fumes evolve and col<x;r of any due t o 
organic matter I s disappeared, 
8 , Remove the beaker from hot p l a t e , allow them t o cool 
for a few minutes then add about 225 ml of watert 5 ^1 
of concentrated HMO3, and 1 ml of Hydrozine su l fa te 
solution (0.256). 
9 , Replaos the beaker on the hot p l a t e and heat i t t o 
bo i l ing . If a brown p r e c i p i t a t e of MnO^ remains a f t e r the 
solut ions have boiled for a few minutes* an addi t lonel 
m i l i l i t e r of Hydrozine sulfa te should be added. 
10. Cool the solut ions to room temperaturet then t r a n s f e r t o 
250 ml volumetric f l a sk . 
1 1 . Dilute to volume, mix and t r ans f e r to p l a s t i c b o t t l e s . 
DETER?/:IKATION OF VARIOUS CXDNSTITUEl^ TS: 
The chemical ana lys is of fortytwo samples ranging 
from phosphatic and dolomitlc l imestones of phosphatic bands 
was made with the view of knowing the chemical behaviour of 
e s s e n t i a l cons t i tuents and how they vary in var ious rock u n i t s . 
The data re given in t ab le - H I . 
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Sotne of the important elements a re : SiO^, Al^O^, 
Fe203, FeO, WnO ,^ TiO^, CaO, WgO, Ka^O, K^ O and H^O. 
Following elements were dletermined by the Beckman 
DU-2 spectrophotometer at wave lengths noted against each: 
Wave length S i l t width 
S i l i ca 
Alumina 
Ti02 
MnOj 
f«2°3 
''2S 
640 twik. 
475 mu 
430 rou 
525 rou 
560 mu 
420 mu 
0 , 1 2 mm 
0.09 mm 
.09 mm 
0 .14 mm 
0.14 mm 
O . l i mm 
Na^ O and K^ O were determined from the sane 'D* 
solution by flame photometer. For determination of soda and 
potash d i lu t ion s e r i e s for sodium and potassium of varying 
ranges (1-10%) has been used and the flame photometer has 
been set up on t h i s range. The percentage Ha«0 and iC,0 
determined by plot ing of the Galvanometer readings vs d i l u t i o n 
s e r i e s percentage on graph paper. 
Calcium and magnesium were also determined by the 
same solut ion , following the method outl ined by Prof. R.C.Sinha 
(1973) calcium and magnesium in solut ion 'B* were deteimin€d 
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by titration vdth EDTA using Erichrome black T as 
indicitor. Th« calcium plus magnesium and magnesium alone 
are determined volumetrically and from them calciam concen-
tration is calculated out. Titration is done visually. 
Water (H-C*") is determined by using 9 inch long 
hand glass tube (0.2 inch in inner diameter) with two bulbs* 
one at the «nd and the other in the middle, one tube for each 
sample has been used* 
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CHAFTER - IV 
TEXTURE. STRUCTURE & MINERALOGY 
The phosphor i t e occurs as o o l i t i c , c o n c r e t i o n a r y 
or f ine grained masses and i s g e n e r a l l y a s soc i a t ed wi th 
s h a l e s and l i m e s t o n e s . P h o s p h o r i t e s a re most ly of g r e y , brown, 
or black in co lou r . Associated i m p u r i t i e s inc lude q u a r t z 
g r a i n s , p y r i t e and m a r c a s i t e . O o l i t i c phosphor i t e r anges 
from minute s p h e r u l e s , t o coarse-sand s ized p a r t i c l e s * Most 
o o l i t e s have c o n c r e t i o n a r y s t r u c t u r e , but some are s t r u c t u r e -
l e s s . 
TEXTURE AKD STRUCTURE; 
In d e s c r i b i n g t h e t e x t u r a l f e a t u r e s of t h e s e 
p h o s p h o r i t e s , t h« t e x t u r a l te rms used by Mabie and Hess (1964) 
i n the d e s c r i p t i o n ' of t h e t e x t u r e s of western p h o s p h a t i c 
o r e s of United S t a t e s are fol lowed. 
The collophane occurs in t h e form of syngene t i c 
s p h e r i c a l oval or e l l i p s o i d a l b o d i e s , p e l l e t s or nodu les 
o r as i n t e r s t i t i a l m a t e r i a l be tveen gangue mineral g r a i n s 
or as a s t r u c t u r e l e s s massive form. The t e x t u r e i s g e n e r a l l y 
d e s c r i b e d under t h r e e head ings ; ( l ) n a t u r e of d i s p e r s i o n of 
p e l l e t s - whether compacted, s e m i - d i s p e r s e d , d i s p e r s e d , or 
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i n t e r s t i t i a l , (2) nature of p e l l e t s - whether encased, 
nucleated, o v u l i t i c , or o o l i t i c and, (3) c ry s t a l l i ne nature 
of collophane - v\*iether i so t rop ic or an iso t rop ic ; in the 
l a t e r case whether macrocrys ta l l ine , microcrys ta l l ine o ip i c ro -
cryMo crys ta l l i n e . 
Broadly speaking, three types of t ex tu res are 
observed: 
The collophane i s i n t e r s t i t i a l to rounded or oval 
p e l l e t s of quartz or che r t , and brown in colour. Well 
develc^ed bedding planes are present in these rock types and 
numerous rounded or oval shaped voids are arranged p a r a l l e l 
to the bedding p lanes . The shape and d i s t r i bu t i on of th« 
voids indica te t h a t they were once occupied by some soluble na 
mater ial which was ^bsequen t ly leached out . The i n t e r s t i t i a l 
collophane i s greenish brown in colour^ 
Collophane p e l l e t s are compacted ard are cemented 
together by l imoni t ic material or c a l c i t e . The p e l l e t s are 
mostly ovu l i t i c and a few are encased with cher t , collophane 
i s mostly opaque. 
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3. ^ a^ssjyg C9Uoph^nfl» 
This type cons i s t s of highly compacted massive 
collophane containing numerous cubes of pyr i t e t h a t I s 
extensively replaced by f ibrous mineralSt probably 
Wavelli te. Veins of wavel l i te contain in p laces , unreplaced 
embayments of collophane. The replaceroan t of collophane by 
t h i s rrinpral i s accompanied by r e c r y s t a l l i z a t i o n of 
collophane, because the unreplaced embayments are d i s t i n c l y 
micro-cryp-ocrys ta l l ine . 
Compact o o l i t i c p e l l e t s are common, most of the 
o o l i t e s are rucleated vd.th a coreof e i t h e r c a l c i t e or irarj 
oxide or cher t . Many of the o o l i t e s are deformed. Spheroidal 
o o l i t e s with many concentr ic s h e l l s of d i f ferent colours and 
cry s t a l l i n i t y are common. Large polynucleated or encased 
p e l l e t s are coronon. In such cases po lycrys ta l l ino c a l c i t e , 
qua r t z , cher t , py r i t e cubes are r a r e ly compacted -dth c o l l o -
phane o o l i t e s from the core . 
The following addit ional t e x t u r a l fea tures are a lso 
observed: 
1. Semi-dispersed to loose ly dispersed collophane p e l l e t s 
in a ca lc i t e mat r ix . Some of these p e l l e t s have cores of 
quartz or iron oxide, or re c ry s t a l l i s ed collaphano, o the rs 
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are encased i t h c a l c l t e while s t i l l others ate polyru-
c l ia ted with col l ethane occurring as i r t e r s t i t i a l t o 
numerous angular quartz fragments* De t r i t a l ape"^tite g ra ins t 
s t i l l having or iginal c rys ta l out l ine and c a l c i t e pell@ts 
are si so common. 
2, Loosely compacted ovuliforrr collophan© p e l l e t s in a 
matrix of l i g h t e r coloured collophane and calcit© 
3 , I n t e r s t i t i a l cellophane oround li>osely dispersed quartz 
gra ins and darker coloured collophare pe l l e t s* 
4 , Collophane i n t e r s t i t i a l t o quartz (grains, s i l i c eous and 
phosphatized sp icules and numerous voids , the I ?ter are 
arranged in rows elongated and p a r a l l e l t o the r^4dinq 
planes . 
5 , Closely compacted ovu l i t i c collophane p e l l e t s with i n t e r -
s t i t i a l iron oxide • 
The phosphorites have 150 c ryp tocrys ta l l ine v a r i e t i e s 
of d i f fe ren t phosphates studied by x-ray ana lys i s , Th© chief 
commercial mineral i s apa t i t e 3 Ca3(PC^)2 Ca(F, Cl^) which 
occurs in comparatively pure depos i t s . Rock phosphaxe or 
phosphori te , which forms the bulk of the mate t ia l en ter ing the 
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t r a d « , i s composed mainly of apa t i t e in f ine ly c r y s t a -
l l i n e e r or amorphous condit ions and may contain varying 
q u a h t i t i e s of aluminium and iron phosphates and also ear thy 
impurties including c lay , s i l i c a , l ime, and other m a t e r i a l s , 
Anong the most important of the phosphate minerals are -
Collophane Ca^(PO^)^, CaCO^ 
Stiuvi te NH^ MgPO^  .eH^O 
Wavellite A/MPO .^ $AL(0H)3, pHgO 
Vivianlte Fe3(P0^)2. SHjO 
S ta f fe l i t e 3Ca3(P0^)2.CaF2.Ca003.H20 
Francoli te (Anhydrous form of s t a f f e l i t e ) . 
T r i p l i t e (Fe,Mn)3.(PO^)2.(Fe,Mn)F2 
Monazite (Ce.La.Th) PO^ 
Class i f ica t ion of apa t i t e i s based on ths presence of 
ch lor ide , ^ u o r i d e , carbonate, hydroxyl group and so on. 
An apa t i te having chlor ide molecule in i t s s t ruc tu re , i t i s 
knoviffj as chloroapat i te Cag(P0^)3Cl, f l u o r i t e - then 
f luorapa t i t e - CaR(P0^)3F and Carbonate as Carbonate a p a t i t e 
Cag(PO^,C030H)3 (F,OH) and l a s t l y those having hydroxyl group 
known as Hydroxyapatite Ca-(P0^)30H e t c . Dahlite i s a name 
given to a var ie ty of carbonate a p a t i t e . 
The f luorapa t i te i s much more common than tha t of t h e 
ch lorapat i te in the rock. Mineralotfica 1 s tudies in recent 
years with the help of x-ray analys is have shown t h a t the 
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composition of the apat i t t s could b« •xpr«ssed as: 
Each of the ions In flourapatite i s l i ab le to the 
substitution ae follows: 
Ca by Na,K,^Vi,Sr,^'g and C» 
P by S, S i , As, V and C. 
F by CI, C, OH. 
0 by F and OH. 
The physical and optical prc^erties of some 
important rninerali;that could be identified under the micro-
scope are given as follows: 
Apatite often occurs in crystal l ine form. The 
crystals being of different s i z e s , occasslonally lar^e as 
in case of pegmatites, and also in massive and granular 
forms. It crys ta l l i s e s in the hexagonal system and has a 
specif ic gravity of 3.18 and a hardness of 5 , The colour 
may be v^lte, grey, brown, green and bluish green nd the 
lustre vitreous to resinousf. 
Optically apatite i s colourless , negatliiie; minute s ix 
sided prismatic forms, imperfect basal cleavage f moderate 
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rel ief , parallel extinction, good interference figure 
and weak birefringence. The interference colours ar© f i r s t 
order grey to white and dark betvyeen crossed n icols . I t s 
2V i s small or as large as 40°. I t i s weakly pleoc';roic, 
generally gaseous inclusions are present. 
I t s crystals are tabular to elongated in shape, 
d is t inct cleavages. I t s hardness i s about 5 and specific 
qravity I s 5 .1 . Optically i t i s colourless to neutral in 
colour. I t has an euhedral form, high rel ief , with biaxial 
positive interference figure. I t s extinction angle i r small 
and with strong to very strong birefringence. The aximum 
interference colour i s upper third to lower fourth order. 
I t s crystals are prismatic with perfect cleavage. 
I t has a hardnes s^bout 2 and specific gravity i s around 
2.71. I t i s optically colourless \mt i t changes gradually 
to green, blue and finally brov^ as the iron i s oxidized. 
I t i s easily alteved. 
I t crystal l ize* in monoclinlc system and crystal 
form mostly prismatic. I t has lanellar twinning. I t has an 
indis t inct cleavage, hardness 5 to 6 ar\d specific gravity 
3 .1 . I t s colour azure to Prussian blue, Inclusions abundant, 
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I t has him* fairly high rel ief , oblique extinction, 
polysynthetic twinning i s common. I t has blue pleodfcroizm, 
birefringence strong, so that the n^ aximum interference 
colour i s upper second or lower third order. Interference 
figure i s biaxial negative with a large axial angle. 
WgygUJtg: 
I t s crystals are?^fibrous form^ good cleavage. I t s 
hardnessis 3,5-4, and specific gravity i s 2.36. I t i s 
optically white, yellow, pink, green, browj and biick in 
colours. I t s 2V i s about 72°. 
?truvUet 
I t i s prismatic in shape, perfect cleavage. I t has 
a hardness 2, specific gravity about l i 7 and 2V i s 37°. I t 
i s colourless or yellow, 
Tr lp l i t e ; 
I t i s prismatic in shape, perfect cleavage. I t has 
a hardness 4.5 to 5, Specific gravity about 3.6 to 3.8 and 
2V i s large. I t s colour i s pink or brown. 
I t i s l ight to dark brown, yellowish brown to grey 
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in colour, massive form, i r r egu l a r f rac tures instead of 
cleavages and bav e moderate r e l i e f . Cellophane i s often more 
or lessjTeplaced by c a l c i t e . Replacement by quar tz , chalcedony 
or opal i s very r a r e . I t i s usual ly i s o t r o p i c but may show 
weak birefringence* 
Colourless to pale brown or grey in colour, minute 
hexagonal form and moderate r e l i e f . I t has pa r a l l e l ex t inc t ion 
good interference f igure , b iax ia l with weak b i re f r ingence . I t s 
in ter ference colours are bluish grey to white of the f i r s t 
order . 
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CHAPTER - V 
GEOCHEMISTRY OF PHOSPHORITE 
Phosphorite i s second mamber of r^itrogen family 
in the group YA* of the per iodic syttem of c l a s s i f i c a t i o n . 
I t s atomic number i s 15. The other members of the Mtrogen 
family of elements ct^ sJtan i n t e r e s t i n g one in t h a t t he f i r s t 
member, Mtrogen i s a gas and e n t i r e l y non-fliatallic in 
p rope r t i e s . Phosphorous i s a non-metal. Arsenic i s e b r i t t l e 
meta l . Antimony i s more me ta l l i c in appear^pce and Bismuth 
possesses a metal sheen and looks l ike a t rue meta l . 
Phosphorous>,discovered by Henning Brand in 1969. 
I t does not occur free in nature but in the form of i t s 
compounds. Phosphorous i s present in minerals and o r e s , and 
in animal bones as well as in vegetable kingdom. Phosphorous 
forms about O . i : ^ of the e a r t h ' s crust and i s a e s s e n t i a l 
const i tuent of l i v ing mat te r . 
The only important commercial source of - phosphorous 
are the minerals co l l ec t i ve ly known as a p a t i t e s , of the 
general formula; Ca x (P0^)3 ' X» may be Fluorine, Chlor ine , 
Carbcmate or Hydroxyl. Phosphorous e x i s t s in three a l l o t r o p i c 
forms namely white , red and b lack . White phosphorous i s used 
in chemical warfares as an antipersonnel agent and a smoke 
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generatorator . Red phosphorous i s used in wood and paper 
and paper safety matches. Black phosphorous has been 
produced only in l a b o r a t o r i e s . Phosphorous canpounds fined 
t h e i r major uses in a g r i c u l t u r e . 
ISOTYPISM OF PHOSPHATE: 
K.H, Wadepohl (1970) page 13-A»3, noted the following 
compounds V!*iich ar.? i so typ ic with phosphates. 
1. by replacement of cat ions 
2 . by replacement of phosphorous atoms, 
3 . by replacement of oxygen atom which are bounded 
with phosphorous atoms, 
4 . Combination of several of the above mentioned 
p o s s i b i l i t i e s , 
IsomorphcHJs replacement of ca t ions in pho^ha te i s 
very common. Arsenates subs t i tu t ing for phosphate i s 
flou r a p a t i t e (Caj^o^^4^6^2^ ^^ Krauskopf (1955) and A 
Mc Connell (1938). Stow (1969) noticed inverse correot ion 
bet\Neen Arsenic and phosphorous. Carbonate subs t i t u t ion for 
Phosphate $s noticed by Mc Connell (1960^65) arid Stov\? (1969) 
Replacement of s i l i con by phosphorous has been studied in 
d e t a i l by many of the e a r l i e r workers Koritonib (1965) reported 
the highest replacement of s i l icon in the mdnosil lcate and 
lowest in t e c t o s i l i c a t e s . 
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DI'':>P£r-iS/\L OF VARIOUS SLEMEKTS: 
Iwelv© major elements were fouTxi to occur in 
majority of th« samples. The distribution of these elernentt 
show a wide variation from rock to rock. Kajority of calca-
reous and s i l iceous rocks contain almost all the twelve 
elements with a s l ight variation in the ir frequency of occu-
rence. The distribution of major elements i s given as follows: 
The percentage of SiO^ i s lower In Dolomitic 
limestone (7.73 to 15^?6'^ ) and more in the s i l i ceous l i n o -
stone (31.56^). The extremely higher percentage of SiO i s 
present in Calc-?i l icanite (48.92 to 69.15%) and other 
s i l iceous rock samples (30.73 t o 86.CXD%), (pig.S.J 
The percentage of Al^ O^ in Dolomitic limestone i s 
lower (0.0 to 5.50^) and in s i l i ceous limestones i t i s truch 
lower (0,72%). In the s i l i ceous rocks the ^^^ percentage 
i s higher (about 15,0^) than Dolomitic limestones and other 
s i l iceous llrsestore {0,0 to 6,51'*5) AFig,4^ 
^ f^lrgrinf?5C 9?^ldg} 
The percentage of MnO- i s quite high in Dolomitic limestone 
i 
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(0.019 to .25?J) than s i l i ceous limestones (0,05:^), 
Calc-s i l icanite (O.O to 0.0796) and s i l i can l t e (0 .0 to 
0.43'^). In s i l iceous and ca le - s i l i ceous rocks the MnO^  
anount i s almost the same, (Fig.5^ 
The percentage of P^ O^  i s more in Dolomitic l ime-
stone (0.0 t o 7,^%) than s i l i ceous limestone (0.09si) in t h i s 
area. The amount of ^2^^ ^^ almost the same in both 
Dolomitic limestones and ca l c - s i l i can i t e rock samples (C.O t o 
2.4536). The higher amount of P 0^ i s present in s i l i c e o u s 
rock samples (0 .0 t o 10.50^) than other rock tiype units in the 
aiea under study,(fig.6A 
The percentage of FeO in Dolomitic limestone (0.84 t o 
2.64^) i s almost higher than al l other rock samples malysed 
so far. The amount of FeO i s uniform in s i l iceous l imestones 
(?.12J<), ca lc - s i l i can i te (O.O to 2.40^ )^ and s i l i c ^ l t « 8 (O.O to 
2.lO?6),^Fig.7) 
Sil iceous rocks contain more FtepO^  than other rock 
types (0,26 t o 24,33%). In s i l i ceous limestones and ca lc -
I 
FIG. 9 D ISTRIBUTION O F . T i O ? IN 1. DOLOMITIC LST. 2. S IL ICEOUS LSI 
3 . C A L C . - S I L I C A N I T E 4 . S I L I C A N I T E 
F I G . I O DISTRIBUTION OF No^O IN 1. DOLOMlTIC LIME STONE , 
2.SILICEOUS LST.3 .CALC. -S IL ICANITE 4 .S IL ICANITE 
/ 
\ 
FIG.II DISTRIBUTION OF K2O IN 1 . OOLO MITIC LST. 2 .51 LICEOUS LST. 
3 .CALC. -S IL ICANITE 4 .5 IL ICANITE 
- 4 3 -
s i l l c a n i t « , I t I s 3,02^ and 5 . 3 ^ on the average r o s p e c t i v s l y , 
(Fig.sJ 
Tltanluin Qxldfct 
I t 1$ almost absent 4n l imestones. The amount of 
TiOj in s i l i ceous l iT«s tones (0,125^) and s i l i c a n i t e (o.C t o 
i,5A%) on the averaqe i s almost .same, but i t i s exceedirgly 
high in calc-3il ica(^i t«(0*0 t o 4,34?4) rocks in comparision 
t o other rock uni t s* rFig.oi 
Sodium Oxide t 
Dolomitic l imestones and s i l i c a n i t e (4.25^1^ and 3.95^a) 
are r ich in Na«0 as compared to s i l i ceous l imestones {0'»2O%) 
and c a l e - s i l i c a n i t e (0.7%) Qn the b a s i s of Na-0 content tw>o 
separate geochemi'^ify environment could be presumed, both 
varying in t h e i r physico-chemical condi t ions . The f i r s t Qiste is 
t h a t deposited dolomitic l imestones and s i l i c a r ich rocks 
and the other s i l i ceous l imestones and c a l c - s i l i c a n i t e s 
( p i g , lo) 
The percentage of K^ i s l e a s t in Dolomitic lime.-
stones (0 .0 to 0.2(^) in comparision to s i l i ceous l imes tones , 
(3.90?(5), c a l c - s i l i c a n i t e s (o.05 t o 5.15%) and silicanite^ 
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(0.05 to S.IO*^) . respect ive ly . The amount of K 0 in 
s i l i ceous l imestonesi c a l c - s i l l c a n i t e and s i l i c an i t e rock 
samples i s almost constant j[ Fig, l l j 
The percentage of CaO i s extremsly high in Dolomitic 
l imestones (45,74 t o 73.03?^) in comparison t o other rock 
un i t s* l ikewise , s i l i ceous l imestones (36*95^), ca lc* 
s i l i c a n i t e s (11.95 t o 29.00^) and s i l i c a n i t e s (0.11 t o 16.0aiJ). 
The amount of CaO i s s t i l l higher in s i l i ceous l imestones than 
in c a l c - s i l i c a n i t e and s i l icani te | rock samples^ F i g , l 2 j 
Magnesium Oxide: 
The percentage of MgO i s qu i te high in Dolomitic 
limestone (4.27 t o 37.57%) and s i l i ceous limestone ( 2 2 . 9 1 ^ 
than in Ca l c - s i l i c an i t e (4 .21 to 10,24^) and s i l i c a n i t e s 
(C.O to 10.24?^). The amount of MgO i s almost.same in c e l c -
s i l i c a n i t e and s i l i c a n i t e rock Mmples, (F ig . l3 j 
The percentage of water i s lovner in Dolomitic l ime-
stones (0.10 t o 2.41%) and s i l i c eous l imestones i2.20X), 
wher«as i t i s much higher in c a l c - s i l i c a n i t e (0.58 t o ^.00?S 
and s i l i c a n i t e (0.24 t o 3.31%) ^ Fig. 14j 
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GEQ-g-iEf/ICAL RELATlOr SHIPS: 
In the pre««nt study the auth»r ha» tried t o 
establ ish the relationship between phosphorous penta-
oxide tn s i l i c a . Alumina, Caldun-oxide , Wagnesium-oxlde , 
Sodium-oxide, Potasslum-oxide, Water and Iron oxide. The 
author has also tried to establ ish the geoc^mlcal 
relationships between Sodium oxide and Potassium oxide. 
Calcium oxide and Magnesium oxide, Oadde of calcium and 
magnesium to Oxide of Iron ^ d titanium and sodium oxide 
v . s . Potastlum oxide in the phosphatic environment. 
The various l l thologlca l units'have been arranged 
into three major groups on their che-'lcal composition such 
as s i l i ceous , calcareous and phosphatic rocks. The 
geochomlcal behaviour of various elements and their in t er -
relationship in the ph«sphatlc envlrwiment i s described 
bel ow: 
Relotionship batwten Phosphorcxis Pentaoxide and S i l i ca : 
The amount of s i l i c a in the various rock samples 
ofisrea under study varies from 7,73Si^  to 86.0?^. In these 
sanples the phospho'^ous content varies from 0.0^ to lO.SOfo. 
As Fig, 15 reveals the increase in s i l i c a content the 
amount of cenliant decrease? and vice versa* I t i s , thust 
i 
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evldent that s i l i c a i s unstable under th« geochemical 
onvironrnent suited for the aubstituicMn of phosphates* 
( j l g . 15j . 
Helatlonship betvtegn Phosphorous Pc>ntaoxide and Alumina: 
The content of Alumina varies from O.C^ to 
15,0^ in the chemically analysed rock samples* Alumina 
also behaves in a similar manner to s i l i c a in the phoi^hatic 
environment and indicate an inverse relationship with th» 
phosphates(^Fiq, 16) • 
Relationship between PhosDhorous Pentaoxide and Sodiuwxidex 
The sodiumoxide content varies from 0,05^ to 4 ,25^ in 
the various rock samples of the area. The f ig , 17 shows 
that l esser the amount of sodiurooxide higher wil l be 
phosphate content* Sodium, thus, follows s i l i c a and alumina 
in t h i s respect also,(Fig* 17J . 
Relationship betv«en Phosphorous Pentaoxide and Potassiumoxidea 
The pot as slum oxide content varies from 0.056 t o 
5,15?fi in all rock samples analysed. The relationship a« 
in 
establishe<iLby figure shows an inverse relat ibnship. The 
higher percentage of K^ O lowejr amount of phosphatic aBunml'; 
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The samples which have hiqh potassium content 
have lesser amount of phosphorous^ Fig. 18^ 
Relationship betvyeen Phosphorajs Pontaoxide and K^aanesiumoxidg 
The magnesium oxide percentage i s generally higher 
in Dolomitic limestone and i t varies from 0.03i to 37,57^, 
Figt19 shows the relationship between phosphate concentra-
tion to that of magnesiumoxide which i s also in the 
reverse direction i . e . percontage i s higher the anount of 
phosphate lower will be t he magnesium percentage in these 
rocks and vice versai^ Fig,19j 
Relationship between Phesphorout Pentaoxide and Calciumo^dde: 
In the various rock samples analysed the calfcium 
oxide content varies from 0.11^ to 73,0:^. The calciumoxide 
contett i s higher in calcarious rocks in comparltlon to 
s i l iceous rocks; but with the increase of phosphorous conient, 
a f eU in the CaO curv*» s tarts . This trends i s almost 
continuous in a l l the samples stud led ( Fig. 20 J 
ii 
i 
Relationship between Phosphorous Pentaoxide and Water: j 
The aontent of the water varies from 0.105^ to 
l..X09^. There i s an almost normal relationship letween 
t>w.:;two-elements e# in the various rock types. Pfr-^ tkfci: J.f 
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wat*r Is increasing than =irJe by side the phosphatie 
content will also increase ir the rock samples and vjhen 
water conter> t decreases a fa l l in pho?phatic content i s 
also noticed( Fig,21) 
Relationship between Phosphorous Pontaoxide and Ironoxidet 
The iron oxide content in rock samples varies from 
0 ,0^ to 24,33!^ and a l inear posit ive correlation between 
the phosphorous and ir(wr> content e x i s t s in almost al l th» 
analysed rock samples of the area under study. I t i s , 
therefore, inferred that the geochemical environment for 
both i s al ike. E)*perimently i t has been obteridd that 
concentration of irtm takes place at medium t* Eh taut 
s l ight ly at higher pH (97,5) (Sherman, 1952, p.159, 
de Vlettey, 1963, p.1004; Harden & Beteson, 1963, p.1308; 
Lepp & Goldich, 1964, p. 1049; Park & Mac Diarmid, 1970, 
p.455; Morton, 1973 and Patterson, 1974; and I s r a i l i , 1977). 
The author also i s of the opinion that concetration of 
phosphorous i s also govern by the same parameters^ Fig. 22V 
Relation ship between total Ironoxide/zaumina and Calcium-
oxide/Maqnerdumoxidet 
As Shown in figure the to ta l ironoxide verses 
Alumina content decreases with increasing amount of calcium 
1 
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oxld« verses Magnesium oxide. The rat ios of lroJ)^Al^^ 
verses CaO/MqO are plotted. I t i s evident from the plot 
that v4th the increase of 1 atari t i c or bauxitic constituents 
i . e . FepO- and Al«03 the rat ios of CaO/MgO decreases. I t 
indicates that limestone and d<»lomites can not be formed 
under the conditions that fa^'our l a t e r i t i c or bauxit ic 
formation (^Fig. 23 i 
Ftetationship between Potassiumoxide/Sodiumoxide: 
Sodium and potassium both are syntectic element* 
means i f sodium ions are deyel<^ed anyivhere in ti*€r rock 
type* than simaltaneourly the potassium ions vdll try to 
ex i s t in the same rock type. In the various rock groups 
i .^ , s i l l ceous, calcareous and s l ight ly pho^hatic t h i s 
trend i s overwhelmingly observed between ref lect ing co-
existence in space and time *(^ig, 24^ 
Relationship between total Calcium and N'agnesium oxides & 
total Iron and Titanium oxides: 
Thftg titaniumoxide content i s extremely lov«r in these 
rock samples. I t i s g<»n©rally zero and goes upto A,3% i n a 
few samples. As the curve of the ri?Mr*v, total ferrous contents 
(Iron & Titanium) also show the sane re lat ionship. Total 
(iron and titanium oxide^as i s evidenced by iron and alumina 
with respect to total oxides of calcium and magnessium. I t 
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-50 -
revea l s that concentration of iron or ferrous metals 
I s not governed by the same physico-chemical fac to rs 
t h a t brought vl the formation of dolomitic l imestones , 
( p i g . 25^ 
Relationship between t o t a l Calddm and Magnasiumcxides and 
The p lo t t ing of t o t a l oxides of calcium and 
magnesium verses oxides of sodium and potassium revea ls 
t h a t concentration in calcium and magnesium oxides of any 
rock samples will bring about a reduction in sodium and 
potassium content. 
Fran the above discussion i t i s j t n i e r e d tha t the 
major cons t i tuen ts of these rocks namely s i l i c a , alumina, 
soda and potash, calcium and magnesium, have an inverse 
r e l a t ionsh ip with phosphorous, whereas ferrous metals have 
a pos i t ive re la t ion ^ref lec t ing s imilar physico-chemical 
equi l l ibr ium in t h e i r concentrat ion. I t i s also sugge-sted 
t h a t s i l i c a , alumina, soda, potash, calcium and magnesium 
may be subst i tuted by phosphorous in tte sedimentary geo-
cbmical environment and the gradual decline of anyone of 
these '5lements, inc reases the concentration of P O j / F i g . 2 6 & 27) 
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GEOCHE^ /^ .ICAL CLASSIFICATION OF ROCK UMITS; 
The pe rcen tages of CaO + MgO, Si02 and P^K^^ 
the t h r ee major components of t h e s e rock t ypes have been 
p l o t t e d on t r i a n g u l a r c o - o r d i n a t e p a p e r . An a t tempt h a s 
been made t o c l a s s i f y t h e v a r i o u s rock u n i t s on the b a s i s 
of t he d i s t r i b u t i o n p a t t e r n of t h e s e components. The 
a j t ho r no t iced some f a l l a c y in us ing the term p h o s p h o r i t e 
for those rocks in which the phosphate content i s as low 
as 10U125IS. In t h e nomenclature of any major rock group 
t h e r e i s a common p r a c t i c e t o name the rock u n i t s or t o 
c a l l an ore of a p a r t i c u l a r m e t a l , only when the p e r c e n t a g e 
of the p a r t i c u l a r substance i s q u i t e s i g n i f i c a n l ^ 
Phosphar i t e i s a group of m i n e r a l s and i t i s 
s t r i c t l y appl ied t o t h e phosphate sediments m^ i s s l i g h t l y 
Tiague in i t s u s e . To c a l l any phospha t i c sediments no 
parameter of i t s phosphate percentage has been f ixed t i l l 
t o d a t e . A rock may be ca l l ed phosphor i t e even i f t h e 
Prt^S content i s as low*r as 109* and as high as 5 0 ^ , There 
are i n s t a n c e s where the phosphate con ten t i s very h igh b u t 
the host rock i s not of sedimentary o r i g i n . The author i s 
of the opinion t h a t some code of nonenc la tu re should be 
formed on the s i m i l a r p a t t e r n of o t h e r rock un i t s> 
- 5 3 -
In the area under study significant percentage 
of P-0- i s found in rocks of varied origin namely 2 "5 
Bundelkhand Gneisslc Complex, Granite, Shale, Sandstone 
and limestone* The review of the varlcxjs l i terature on 
phosphorite reveals that the P 0^- of s ignif icant concentra-
tion occur in two major rock groups namely calcareous 
and to a some extent s i l i ceous rocks. I t will not be out 
of place i f these different rock units are sub-divided 
into various sub-group on the basis of the concentration of 
these three major componentst namely CaO + WgO, P„0. and 
SiOg, On this b a s i s , * * the various l i t h o l o g i c units of the 
area have been cibessified as followss 
Phosphorite t 
This name should be restricted on!y^ithose rock 
uni t s in vi*ilch the concentration of P 0 i s as high at 
809 .^ As far example limestone i s that rock in which 
ca lc i te percentage l i e s between 70-95% (Frolova, 1955), above 
909^  (Plumley et a l , 1962). To f ix a l imit of PO^ of P^0« 
2 5 
for calling a rock phosphorite w i l l , therefore, not be out of 
pi ace • 
Cal si co-Phosohorite t 
Those sediments or rock units Ir which the CaO 
including WgO and SiO^ content together equals to P^ O^ should 
- 5 3 -
be cal led as calsico-phosphorite» 
Pol omlti c/Cal c-phospborlte: 
Limestone/Dolomite tha t contain upto 50?S of CaO + 
MgO Or CaO alone and the r e s t i s Pp^c should be named as 
Dolomitic Phosphorite or cale-phosphorite r e spec t i ve ly . 
Si l iceous Phosphorite: 
Sandstone and other s i l i c a r ich rocks , namely 
Gran i tes , Gneisses, e t c . t h a t contain upto 509^ SiO^ and 
the r e s t i s P_0 content should be classed as seliceous 2 5 9 
phosphori tes . 
Phosphatic Dolomite/Limestone: 
Dolomite or limestone t h a t contain between 20-50^ 
p20g are classed under t h i s category. Majority of the world 
so called phosphorite depos i t s fall5^ under t h i s categorV^. 
Phosphatic S i l i c a n i t e : 
SandstoneSor s i l i c a r ich rocks t h a t contain 20-50^ 
of P2^5 ^a l l s under t h i s category. 
Dolomitic Limestone: 
Limestone or Dolomite tha t contain upto 80?^ of 
CaO •»- MgO and upto 20?^  of P^O^ should be grouped i n t o t h i s 
P205 
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- 5 4 -
category. To bo more speci f ic the term phosphatlsed 
Dolomite or limestone may be used» 
Si l i ceou s-Lin^ stone: 
The limestone in which s i l i c a i s 20-30^ and PJ)^ 
i s also of the same rafef© should be grouped i n t o t M s category. 
Those s i l i c a r ich rocks t h a t contain upto 30^ of 
Cap, MgO and PgO^ fa l l j | , in t h i s groups 
S i l i con i t e t 
S i l i ca r i ch rocks containing upto 20% of P«OR CaC, 
and MgO should be named as s i l i c an i t e / ^ Fig^, 28J 
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SUMMARY Al^ D CONCLUSION 
Present study deals with the geology and geo-
chemistry of the various rock u n i t s present in and around 
Tighora v i l l age in Sagar d i s t r i c t (^'•P.) vdth a view to 
understand the geochemical behaviour of the various elements 
present and the i r i n t e r - r e l a t i o n s h i p s i f any in order to 
decipher the genei is of these phosphorite and other phosphate 
bearing l i t h o l o g i c uni t sof the area*. 
The chief phosphate mineral of the marine depos i t s 
i s bas ica l ly a f luorapa t i t e t ha t contains a small range of 
other cons t i tuents as subs t i tu te p r inc ipa l ly carbonate^. 
An assessment of physico-chemical data and p r i n c i p l e s 
per ta in ing to the equilibrium r e l a t i o n s of t h i s ^ a t i t e in 
sea water and some other natural so lu t ions , i l l u s t r a t e s many 
t h e o r i t i c a l modes of formation. 
Penrose (1888) and many l a t e r workers postulated 
organic modes of formation as they noticed t rue c o p r o l i t e s 
and other skeletal mate r ia l s such as t e e t h , bones, ^ e i l and 
t r i l o b i t e ^ corpace^. 
Some have sugoested the phosphatic rep lacement of 
carbonate she l l s and sponges. The prqpounders of organic o r ig in 
-56-
of major phosphorite deposi ts include Fisher (1873)? 
Goldman (1922). Trask(l939), Waggaman (1952), Mc Kelvey e t al 
(1953), Grahm e t al ( l954) , Gulick ( l955) , Ked f ie ld (1958), 
Anes (1959), Le Geroz (1965), Dagens (1965), Gulbrandsen 
(1966, 1969), Le Geroz et al (1967), Krauskopf (1967), 
Berge (J972), Marcuso, e t al (.1975), and Patwardhen e t al 
(1975). 
Kazakov (1937) wa^he f i r s t t o conclude tha t phosphate 
i s prec ip i ta ted on one side of a basin where de-p phosphate 
r ich waters are r i s i n g (upwelling) along a shelf*^ Decrease 
in pressur* and warming of waters ajcsxJcxKiciig r e a j l t in a 
l o s s of CD- and cause the p rec ip i t a t i on of a p a t i t e , which 
occurs below the zone of photosynthesis at depth range from 
about 50-2CX) metres and named t h i s locus of deposi t ion the 
"phosphorite f a c i e s " . I t iit divided in to two (a) Geosynclinal-
characterised by the r i ches t and th ickes t v\»ll bedded 
deposit ion (b) Platform type i s t y p i c a l l y nodular, associated 
vdth glauconl te , lean in grade and shows interupted sedimenta-
t i o n associated with t ransgress ion and regress ion . The 
phosphorite f a d e s migi'ates with changing palaeo-geographic 
conditions - t ransgress ions and regression' . 
Recent s tudies of phosphoria formation of Permian age 
show th? t i t comprises large extensive and varied phosphorite 
deposi ts which re f l ec t a large genet ic range of phosphorite 
-57-
develqpment as i s evidenced by major fac ies changes 
eastward from the phosphorite - chert - carbonaceous 
mud stone assemblage in southern Idaho to carbonate rock 
t o red and green beds and evapor i tes in eas tern Wyoming 
and some adjoining a reas . These fac i ss changes «»e 
are in te rpre ted t o be t he sedimentary products of a basin 
edge-to-shore environment developed due t o l a t i t u d i n a l 
p o s i t i o n , basic atmospheric c i r c u l a t i o n , oceanic upvrelling 
and v/arra arid climate (Mc Kelvey e t al 1953; Chenney, 1955; 
Qnenney and Sheldon, 1959; Sheldon, 1963; 1964; Cressman 
abd Swanson, 1964; Maughan, 1966; Sheldon ,e t a l , 1967; and 
Yochelson, 1968). 
In the present i nves t iga t ion , the geochemical 
behaviour of the various elements in the phosphorite and 
other associated rocks in addition to the megascopic 
t ex tu r e s and s t ruc tures of the phosphorite a nd other 
associated rock types have been presented. In area under 
study the phosphorite occur as bands, l e n t i c l e s , and 
o r ib i cu l a r bodies in the Bundelkhand Gneissic Complex, sha le , 
quartz breccias and limestone of Bijawar group of rocks and 
conglomerate and sandstone of Upper Vindhyan age. These rock 
types were chemically analysed for the determination of majdr 
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elements tha t include P^O^, Al^Og. Fe^Og, FeO, SiO^, 
CaO, MgO, MnO, TiO^, H2O, Na^O, K^ O e t c . The d i s t r i b u t i o n 
of these major elements i s given in t a b l e - I I I . 
In order to understand the i s o t ^ i s m of phosphates 
and t h e i r r e l a t ionsh ip vdth other elements in the phosphatic 
environment, var ious combinations of P^O^ v s . ^ 2 0 3 * ^ 2 % 
v s . Si02. P2O5 vs Na^O, PjO^ v s . K^O, P^O^ v s . H ^ , P2O5 vs 
CaO, PJDR VS MgO, P^O^ vs FegOg e t c . were p lo t ted and the 
r e s u l t s have been shown in f igures 15 to 27. 
Fig. 16 represents the r e l a t ionsh ip between P^C^ and 
AlrtOo, ind ica tes t h a t concentration of Alumina takes place 
when P2O5 i s decreased and vice versa . I t i s the case in almost 
a l l the samples s tudied, s tar ted from ajndelkhand Gneiss ic 
Complex at the base to sandstone at the t o p . Similar i s the 
case vdth Na20, KjO, MgO, CaO, whereas i ron-oxides have a 
normal trend with that of Pj^s* Tb« author i s , t hus , of the 
opinion t h a t ironoxides work as Subs t i tu te t o phosphorous and 
indica te similar physico-chemical condit ions in t h e i r 
deposit ion in cont ras t to t h e carbonate as has been s ta ted 
by Stob (I960); Mc Connell (1960); Smith and Lehr ( I966) . In 
a l l the samples s tudied , there i s no d i rec t r e l a t i onsh ip 
between carbonate and phosphate because there i s a s i gn i f i c an t 
va r i a t ion in the p lo t of carbc«nat«s v s . phosphates, whereas 
-59-
t b i s r e la t ionsh ip i s rot well marked in P j ^ ^^' ^^^2* 
PpOg V?. AljOg, P^O^ v s . Na20 end ?205 v s . MgO. 
I t iUlso observed tha t the r a t i o of t o t a l i ronoxides 
v s . Al.C- and CaO v s . MgO inc i^asas with the decrease of 
eachother, and vice versa in the p h o ^ h a t i c environment. 
Both ^^a^0 and K«0 increases with increase of ^^^ content . 
I t ind ica tes tha t concentration of K«0 and Na^ O involves 
same geochemical perameters and s t a b i l i t y fac tors as shown 
by PpO- in s i l i ceous carbonaceous, and even phosphatic 
environment. 
The above? study ind ica t e s tha t the majori ty of the 
phosphorite vvere deposited in syrdeposit ional depressions 
in v^ich marine phosphate have been deposi-^ed in numercsjs 
p laces . Negative fea tures reported at favourable s i t e s for 
the deposition of phosphate are syndepositional sy rc l ines 
(Bentov, 1953; Youssef, 1958, 1965, 1967); inher i ted folds 
(Bu shin sk i , 1966); P sued ©synclinal t r u f f s (Will cox, 1953); 
physiographic depressions (Visse, 1952); subsiding ^one of t he 
floor (Charles, 1953); and penecontemporaneous grab ens 
(Youssef, 1967). 
Review of the world 's occurrenoes of the phosphate 
i nd i ca t e s tha t a great number of them are associated with 
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synclines. The area under study also l i e s in a grea t 
palaeodepression in w'-ilch great thickness of Bijawsxs 
and Vindhyan sediments w*s la id dov^. The d i s t r i b u t i o n of 
P^O- although below 2^ in Bundelkhand Gneissic Complex and 
various groups of rocks of Bijawar s e r i e s i n d i c a t e s the 
presence of P^^S ^^ ^^ ^^ water of the t ime. In th© l i g h t 
of above s tudies i t i s suggested t h a t the concentration of 
P2O- in these l l t h o l o g i c a l u n i t s of varying agesb^wdone 
by upwelling cu r ren t s . Recent deposi t ion of phosphorite of 
Bay off CalifO^la, Mexico (D» Anglejon, 1966) ind ica t e s 
suff ic ient concentration of P^ CL in present day sea waters 
and strengthens the authors observat ions of an inorganic 
origin of these phosphate bearing rocksf. The absence of any 
organic remains and occurrences of high grade uranium ores in 
these sediments a lso r e f l i c t the inorganic or igin of these 
depos i t s . 
On the bas i s of the concentration of CaO + MgO, P5O-
and SiOj, the three major components, the vari(HJs l i t h o l o g i c a l 
u n i t s of the area have been c lass i f ied as (a) phosphorite -
those litholfcgic u n i t s that contain more than ez% PJDR as in 
the case of other rock u n i t s such as limestone i s tha t rock 
in which ca lc i te i s more than 7056 (Frolova, 1955), (b) Cals ico-
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phosphorite-sediments in which CaO including MgO ard 
SiO„ equals to P2^5» ^^^ dolomit ic /ca le-phosphor i te , 
limestone/dolomite in which CaO and MgO together oiy^Sa© 
or CaO alone equals to PJ^S* ^^^ s i l i c e o j s phosphorite -
s i l i c a r i ch rocks t h a t contain upto 50^ of SiO- and the 
r e s t i s Pj^S ' ^^^ phosphatic dolomite/limestone - dolomite/ 
limestone t h a t contain 20 t o 509$ ^2^5* ""^Jo^^Y o^ world ' s 
phosphorite deposi ts f a l l ^ in t h i s category, (f) p h o ^ h a t i c 
s i l i c a n i t e - sandstone or s i l i c a r i ch rocks tha t contain 
20-5C^ ^2^5 ' ^^^ dolomitic l imestone, limestone/dolomite 
t h a t contain 80^ CaO and MgO and l e s s than SOJiS of ? « % • i^) 
s i l i ceous l imestone, limestone in which s i l i c a and P«Oa are 
upto 30%, (1) c a l c - s i l i c a n i t e - s i l i c a r ich rocks t ha t 
contains upto 30% CaO, MgO, and P^O^ and ( j ) s i l i c a n i t e -
s i l i c a r ich rocks containing l e s s than 20% of P^O-, CaO and 
MgO together^ 
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Data showlnq the r a t i o s CaC/UqO v e r s e s F«C -^  FejOg/AI-O, In 
various l l t h o l o g l c a l u n i t s around Tighora v i l l a g e . 
CaO/MgO vs FeO > F^jOg/Aljpg 
0 ,32 
0 .37 
1.06 
1.34 
1.70 
0 .52 
11.36 
1.06 
1.15 
1.17 
2.C5 
2.85 
0 . 9 0 
0.68 
14.21 
1,23 
3 .32 
1.05 
5 .56 
2 .64 
0 .84 
7 .13 
2 .00 
1.10 
0 .45 
Sample Mo. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
?2 
23 
24 
25 
0/ ( 
2 .50 
2 .00 
2 .00 
4 .75 
5 .37 
5 .92 
3 . 6 2 
2 .00 
iilei 
?.82 
1.25 
4 . 5 0 
1.22 
2 .16 
1.85 
0 .75 
1.50 
10.24 
1.19 
1.21 
5 .50 
1.59 
2 .60 
1.19 
10.14 
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I ^ k L e - VI 
Data showing the r a t i o s CaO ••• MgO v s . FeO + Fe203+ TiO« 
i n various l i t h o l o g i c u n i t s around Tighora v i l l a g e . 
Sample No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
CaO + M< 
14.43 
15.15 
24.24 
23.98 
86 .40 
84.69 
37.24 
15.39 
11.81 
88 .45 
10.20 
22.27 
21.07 
19.40 
20.24 
8 . 2 2 
65 .22 
10.35 
8 0 . 7 0 
83 .31 
27.19 
59.86 
36.46 
80 .70 
10.35 
gO vs . FeO ->• 1^9^0^+ T iO j 
2.10 
2.69 
1.06 
12.34 
1.16 
1,50 
11.36 
12.65 
12.10 
1.28 
25.01 
11.24 
3.79 
2.43 
4,55 
1,78 
18,29 
3.31 
4.01 
2.64 
1.49 
5.26 
5.26 
1.10 
2.61 
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I a k l & - VII 
Data shovdng the r a t i o s CaO + MgO v s . ^a^O + KJ2 in varioui 
l i t h o l o g i c u n i t s arcnjnd Tighora v i l l a g e . 
Sample No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
CaO + MgO vs 
14.43 
15.15 
24.24 
23.98 
8 6 . 4 0 
84 .69 
37.24 
15.39 
11.81 
88 ,45 
10.20 
12.27 
21.07 
19.40 
20.24 
8.22 
65 .22 
10.35 
8 0 . 7 0 
8 3 . 3 1 
27.19 
59.86 
36.46 
8 0 , 7 0 
10,35 
Na^O + K^O 
7.15 
9 .05 
5.35 
0 .30 
0 .35 
0 .30 
0 ,25 
0.25 
0 .30 
0 .30 
0.35 
0 , 3 0 
5 .50 
5 ,40 
3 ,80 
1,05 
0.35 
2.95 
0 .40 
0,45 
0 ,80 
4 , 1 0 
4 , 1 0 
4 .35 
0 .50 
- 6 8 -
I A ^ I S. - VIII 
Data showing the r a t i o s CaO/MgO and Na«0/fC„0 in v a r i o u s 
l i t h o l o g i c a l u n i t s around Tighora v i l l a g e . 
v s . Ma20/K20 
0.75 
0,79 
0 ,70 
0 ,20 
0 .60 
0 .50 
0 .40 
0 .40 
0 .20 
0 .30 
0.25 
0 .20 
0 .10 
0.25 
0 ,23 
0 ,42 
0.25 
0 .12 
0 ,30 
0 ,12 
0,06 
0,66 
0.66 
4 .25 
0 ,50 
Sample No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Ca0/M( 
2 .50 
2.00 
2.00 
4 ,75 
5.37 
5 ,92 
3 .62 
2.00 
11.81 
2 .82 
1.25 
4 .50 
1.22 
2.16 
1.85 
0 .75 
r . 5 0 
10,24 
1,19 
1.21 
5 ,50 
1.59 
2 .60 
1.19 
10,14 
- 6 9 -
Recalculated chemical percentage of hundred of the 
Bulk Components (SlOj, CaO + MgO and PS>m^) in var ious 
l i t ho log i ca l u n i t s around Tighora v i l l a g e . 
Sample Mo. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
1 
SlOgJiS 
82.5 
81 .9 
8 2 . 1 
7 1 . 0 
12 .2 
8 .3 
56.5 
7 1 . 0 
8 4 . 3 
9 .^4 
59V7 
74 .2 
76 .3 
78 .0 
78 .4 
9 1 . 2 
12*9 
8T.9 
14?.8 
14.3 
67.5 
34'. 5 
5T.9 
H9 
8f,o 
CaO + MgO % 
17.1 
17.9 
10.1 
29 .2 
89 .8 
91 .6 
42 .9 
19 .1 
15.5 
90 ,5 
19.8 
25 .1 
23.6 
21.9 
22.6 
8 .7 
83 .9 
ir.3 
8 5 . 1 
85 .8 
S9.7 
65 .4 
4 2 . 0 
84 .9 
11 .4 
^ 2 ^ ^ 
0 ,4 
0 , 2 
«•» 
-
-
0 . 1 
0 ,6 
9 .9 
0 , 2 
0 ,1 
20,5 
0 ,7 
0 ,1 
-
-
0 .1 
3 . 2 
0.8 
0 . 1 
-
2.8 
0 .1 
0 ,1 
-
0 .7 
- 7 0 -
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